Abstract. Yellow-vented Bulbuls (Pycnonotus xanthopygos) were fed a mixed diet of four fruit species (Rhamnus alaternus, Lonicera etrusca, Rubia tenuifolia, Ephedra aphylla) and diets containing each of these four fruits separately. A mixed-fruit diet proved no more nutritious than a single-fruit diet, and all the birds lost weight at the same rate regardless of diet. Birds fed a mixed-fruit diet assimilated less protein than those fed exclusively on Rubia and Rhamnus fruits, and assimilated more energy than those fed exclusively on Ephedra fruits. The apparent metabolizable energy (AME) in bulbuls fed a mixed diet (0.73) was higher than in those fed on Rubia and Ephedra (0.69 and 0.61, respectively) but lower than in those fed on Rhamnus (0.82). Protein content alone does not explain loss of body mass. However, lack of specific amino acids, or high potassium to sodium ratios, may cause mass loss. In addition, a mixed diet of four fruit species may not prevent the accumulation of secondary compounds to a damaging level resulting in low protein assimilation.
INTRODUCTION
The relationship between plants which produce fleshy fruits and their dispersers is based partially on the nutritional value of the fruit for the disperser. The ability to digest fruit is believed to be an important constraint on the evolution of the interaction between plants bearing fleshyfruits and fi-ugivorous birds (e.g., Herrera 1984 , Jordan0 1988 , Worthington 1989 ).
In previous experiments, frugivorous birds of the eastern Mediterranean avifauna were fed on a single fruit species exclusively (Izhaki and Safriel 1989) . Although birds ate large amounts of fruit they nevertheless lost mass due to poor nitrogen assimilation. It was assumed that nutrient intake would be better balanced by feeding the birds on several fruit species rather than on a single one, since a mixed diet could increase the possibility of extracting specific nutrients (e.g., (Meinertzhagen 1954 ) and the Ethiopian lowland forest and non-forest habitats (Moreau 1972) . The northern limit of the distribution of the Pycnonotidae in the Old World is in the Middle East which is populated by the Yellowvented Bulbul Pycnonotus xanthopygos. The bulbul consumes and disperses several fruit species in the Israeli scrublands (Izhaki 1986; Izhaki and Safriell985,1990b, 199 l) , and is one of the most important frugivorous birds in the Israeli avifauna. In this study, I fed these bulbuls four fruit species commonly available from June to August in the northern parts of Israel (Rhamnus alaternus, Lonicera etrusca, Rubia tenuifolia, Ephedra aphylla, unpubl. data). These foods are relatively poor in proteins and lipids, but rich in carbohydrates and water. The profitability of these fruits is reduced by their poor protein and lipid content as well as their indigestible seeds (Herrera 1981 , Levey 1986 , Jordan0 1988 ).
In the current paper, I investigate the following questions. (1.) Are bulbuls fed on a mixed diet of several fruit species better able to maintain a constant body mass than bulbuls fed exclusively on single fruit species? (2.) Does a mixed fi-uitdiet improve protein, fat, carbohydrate, mineral and energy digestion? and (3.) Is the choice of a fruit species by birds connected with a particular [9121 daily from several different plants within each species.
After the bulbuls' mass stabilized, three groups of six different individuals were offered an exclusive diet of one fruit species each, and a fourth group of six birds was offered a mixed diet containing the four fruit species. In each experiment I used six birds picked randomly from the pool of 30 bulbuls. Lonicera, however, was too rare in the area for an experiment to use this fruit exclusively. Each type of food was provided ad libitum for several days, as well as water ad libitum, at 08:OO hours. In the trials using all four fruit species I offered an equal wet biomass of each fruit species placed randomly on the cage floor at 08:OO hours every day.
Each day I measured the total wet mass of the fresh fruit provided, the total wet mass of fruits left uneaten from the previous day' s provision, the total wet mass of the excreted seeds, and the total wet mass of the non-seed excreta (for a more detailed description of this procedure see Izhaki and Safriel 1989). The non-seed excreta were oven-dried until they reached a constant mass and reweighed to obtain the dry mass of excreta per day (Qe). I weighed the birds daily at 08:OO hr to determine whether or not to continue the experiment. Trials lasted five to 10 days each. At the end of each trial, the bird was fed on the pre-experiment mixed diet. Its mass was monitored at five-day intervals for an additional 30 days.
NUTRITIONAL ANALYSIS
Many fresh fruits (usually hundreds) were collected from each plant species. Fresh pulp from the fruits were mixed, dried and divided into two samples. These samples of dried pulp from the four fruit species and the dry feces from each experiment were analyzed for lipids, nitrogen, reducing sugars, ash, and several cations (Na, K, Ca, P), according to AOAC (1975) Fruit preference (calculated from pulp consumption) among the four fruit species that were offered simultaneously varied among the individuals but less among trial days (Fig. 1) . The average pulp consumption of Lonicera and Ephedra fruits (39% ? 9%, 32% +-5%, respectively) was two to three times greater than pulp consumption of Rhamnus (13% f 4%) and Rubia (17% + 6%) fruits. Four individuals (Nos. 3,4,5,6) preferred Lonicera fruits while the other two almost ignored them (Fig. 1) . One of these two (No. 2) preferred Ephedra fruits and the other (No. 1) preferred Rubia and Ephedra fruits (Fig. 1) . Although the birds were relatively consistent in iheir main preference during the trial, an important part of their diet consisted of the other three fruit species (Fig. 1) . It is notable that the birds preferred the two fruit species with the lower seed mass to fruit mass ratio (Table 1) . 
BODY MASS CHANGES
Birds on all four diet regimens lost mass steadily during the first seven days of the experiments (Fig. 2) . Although the average body mass loss for the entire trial across individuals differed among the four diets (one-way analysis of variance F3,z0 = 4.72, P = 0.01) the average body mass loss of birds fed on a mixed diet of fruits (-10.8% ? 6.3%) was not significantly different from that of birds fed on Rharnnus (-7.2% f 3.8%), Rubia (-14.2%+3.1%),andEphedra(-15.3%+2.2%, REGWF Multiple F Test, P > 0.05). The daily proportion of body mass to pre-experiment body mass depended on the number of days elapsed from the beginning of the trial, as indicated by the regression equations (Fig. 2 ). There were no significant differences between any pair of regression coefficients in Fig. 2 (t > 0.1, P > 0.1; Marascuilo and Serlin 1988:623) indicating that there was no difference among diets in the rates of mass loss during the trial.
FRUIT INTAKE RATE
In all four diets the birds gradually increased their fruit intake rate (wet mass of consumed fruits per day/body mass) until the third day of the trial (Fig. 2) . Thus, at the beginning of the experiments fruit mass consumption increased each day as body mass decreased. The mean daily rate of fruit intake (across individuals) was significantly dependent on both the type of diet and the day of the trial (Table 2) (Table 2) .
PROTEIN AND ENERGY CONSUMPTION
The average protein content of fruit pulps for bulbuls fed on mixed diet (4.6% f 1.6%) was lower than in exclusive diets of Rhamnus and Ephedra but higher than in diets of Rubia and Lonicera (Table 1) . Considering the amount of food eaten per day, bulbuls fed on a mixed diet consumed less protein (mg/g body mass per 6 days) than those on the single fruit diets of Ephedru and Rubia (Table 3) . In all trials, birds consumed more protein than their expected maintenance requirement according to Robbins (198 1, 1983) (Table 3) . Bulbuls fed on a mixed diet assimilated less protein than those fed on Rubia and Rhamnus but more than those fed on Ephedru (Table 3) . Bulbuls fed on Ephedra had a negative protein balance (Table 3) . The average energy content of the mixed pulps in bulbuls fed on a mixed diet (17.38 k 1.93 kJ/ g dry mass) was lower in birds fed on Rubia, higher than in birds fed on Rhamnus and Ephedru and similar to that in bulbuls fed exclusively on Lonicera fruits (Table 1) day) than birds fed on Rubia, more energy than birds eating only Ephedra, and same amount of energy as birds fed on Rhamnus fruits (Table 3) . However, in all diets birds consumed more energy than expected based on their daily requirements (Kendeigh 1970). Bulbuls fed on Rubia consumed 3.6 times more energy than their daily requirements and assimilated significantly more energy than those fed on the other three diets (Table 3) . Bulbuls fed on Ephedra consumed only 8% more energy than required (Table 3) .
APPARENT METABOLIZABILITY (AM)
Bulbuls fed a mixed diet of fruits had a significantly higher AME than those fed an exclusive diet of Rubia and Ephedra but lower than those fed on Rhamnus (Table 4 ).
The average dry matter metabolizability in birds consuming a mixed diet was significantly higher than in those fed on Ephedra, lower than those fed on Rhamnus but with no difference from those fed on Rubia (Table 4 ). The AM of dry matter of birds fed on a mixed diet decreased during the trial (average AM for the first three days of the trial was 0.76 and for the next three days was 0.66, paired t-test, t, = 7.72, P -C 0.001). This pattern was not detected when birds were fed on exclusive diets of one fruit species (paired t-test for the three trials, P > 0.1).
Apparent metabolizabilities for birds eating the mixed fruit diet were in the range of values for birds fed on the exclusive diet of one fruit species (Table 4) . Birds fed a mixed fruit diet had a lower AM for protein than those fed an exclusive diet ofRhamnus and Rubia but higher than those fed low AMs were found for various components in on Ephedra (Table 4) . Birds fed on Ephedra ex-different diets (Table 4) . perienced a negative balance of proteins, fats, Na, Ca, and P (Table 4) (Table  4) . Thus, the low protein content of the fruits was not compensated for by an increase in efficiency of protein digestion. However, a mixed fruit diet improved the birds' ability to digest and assimilate more protein as compared with an exclusive diet of Ephedra but not exclusive diets of Rubia and Rhamnus (Table 3) .
It is notable that the average protein content of fruits required for nitrogen balance is not significantly different from the average protein content leading to protein imbalance (Table 5 , t,, = 0.77, P > 0.5). However, because the data include results of experiments undertaken in different conditions and from birds of different regions (temperate and tropical), this conclusion must be viewed with caution. Nevertheless, the data indicate that the protein content alone tells us little about the ability of birds to subsist on fruits. Ephedra fruits with a relatively high protein content (Table 1) were the only ones which caused a negative protein balance (Table 3) . Bairlein (1987) reported that the frugivorous Sylvia borin fed on an artificial diet that was very low in protein (2.4% wet mass) lost weight immediately at the beginning of the trial, but later maintained a constant mass. Costa' s Hummingbirds (Calypte costae) can maintain their body mass on only 1.5% protein in their diet (Brice and Grau 199 1). Low protein diets in these cases may be tolerable if birds can consume and digest a large volume of food. However, these observations may indicate that a factor other than protein concentration per se may regulate body mass loss in bulbuls.
Fruit pulp may lack some specific amino acids (Parrish and Martin 1977 , Mack 1990 , Sedinger 1990 ) and birds may actually select their diets on the basis of their amino acid contents (e.g., Murphy and King 1989). In arils of Aglaia species that were analyzed, only two species contained arginine, two species contained cystine and none contained histidine (Pannell and Koziol 1987) . There are no data on the amino acid Mean +-standard deviation 6.6 k 2.3 5.9 + 1.4
t Nitrogen converted to protein by multiplying by 6.25 except for Ephedra, where the 4.3 factor was used (see Methods) $ A diet of mixed fruit species, the value of protein content is the average for these fruit species. (Herrera 1985 
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